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DEFENSE  ADVANCED  RESEARCH  PROJECTS  AGENCY  PROGRAM  REPORT 
SURFACE  EFFECT  TAKEOFF  AND  LANDING  SYSTEM  (SETOLS) 

SUMMARY 

The  British  success  with  hovercraft  stimulated  in  the 
United  States  and  Canada  studies  of  the  further  application 
of  surface  effect  techniques  to  military  problems.  The  sur- 
face effect  ship  (SES)  and  the  advanced  assault  landing  craft 
programs  are  two  rather  direct  results.  However,  the  appli- 
cation of  these  same  techniques  to  aircraft,  the  subject  of 
this  Defense  Advanced  Research  Projects  Agency  (ARPA)  program 
report,  was  not  obvious  and  had  no  similar  precedent.  ARPA, 
in  an  experimental  and  theoretical  study  from  1970  to  1973, 
assessed  many  of  the  technical  problems  related  to  applying 
surface  effect  techniques  to  the  A-4  and  F~8  carrier-based 
fighter  aircraft.  ARPA's  involvement  and  program  objectives 
resulted  from  a 1970  ARPA-IDA  Workshop.  At  that  time  an 
existing  joint  Air  Force 'Canadian  program  to  demonstrate  the 
application  of  the  surface  effect  landing  system  to  the  CC-115 
Buffalo  aircraft  was  reviewed,  and  an  ARPA  program  to  demon- 
strate the  application  to  the  higher  density  naval  carrier 
aircraft  was  recommended. 

The  Naval  Air  Systems  Command  (NASC)  acted  as  Con- 
tracting Office  and  the  Naval  Ship  Research  and  Development 
Center  (NSRDC)  as  Technical  Director.  Three  industrial 
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contractors  studied  which  of  the  two  aircraft  should  be 
selected:  two  chose  the  F-8  and  one  the  A-4.  A committee 
evaluated  the  studies  and  concurred  with  the  A-4  selection. 
Concurrently,  studies  of  trunk  materials,  trunk  flutter, 
arresting  cable  impact  with  trunk  material,  wind  tunnel 
tests  of  the  proposed  configurations,  and  the  dynamics  of 
SETOLS  landing  were  conducted.  The  program,  which  cost 
$995,000,  was  terminated  when  it  became  obvious  that  the 
Navy  and  Marine  Corps  were  not  then  interested  in  having 
the  program  transi erred. 

BACKGROUND  AND  TECHNICAL  NEED 
1 . Introduction 

Near  the  end  of  the  1960’s  the  amphibious  hover- 
craft was  viewed  with  considerable  interest  as  a possible 
ship  of  the  future  because  of  low  drag  and  resulting 
higher  speeds.  From  this  interest  came  the  programs  to 
apply  the  surface  effect  principle  to  other  military  prob- 
lems, i.e.  the  advanced  assault  landing  ship  and  the  Arctic 
sux’face  effect  vehicle  (SEV).  During  this  time  period 
1968-69,  the  Bell  Aerospace  Company  outfitted  a small  air- 
craft, the  TOGW  2600-pound  LA-4  amphibian,  with  the  first 
SETOLS  installation.  The  peripheral  trunk  configuration 
used  was  similar  in  design  and  operational  characteristics 
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to  then-current  SEV  installations,  including  the  cushion 
and  trunk  pressures  (60  and  120  psf,  respectively)  and 
materials  used.  Retraction  of  the  trunk  was  accomplished 
by  utilizing  elastic  trunk  material  that  hugged  the  fuse- 
lage surface  when  deflated.  Ground  and  flight  tests  by 
Bell,  later  supported  by  the  Air  Force,  demonstrated 
landing  and  takeoff  operations  from  hard  surfaced  runways, 
turf,  water,  snow,  and  fine  sand.  The  aircraft  also 
demonstrated  the  ability  to  taxi  over  water,  mud,  low  tree 
stumps,  and  empty  and  water-filled  ditches.  The  flight 
tests  indicated  no  significant  changes  in  the  aerodynamic 
stability  and  control  characteristics  of  the  LA-4  aircraft 
with  trunk  inflated  or  deflated.  The  effectiveness  of 
inflatable  pillow  brake  pads  incorporated  in  the  trunk  was 
at  least  as  good  as  a conventional  wheel  brake  system. 

The  cushion  power  was  supplied  by  an  auxiliary  power  unit 
in  the  aircraft  driving  a two-stage  axial  fan  assembly. 
Subsequently,  the  Air  Force,  in  a joint  program  with  the 
Canadian  Government,  initiated  a program  to  apply  the  Air 
Cushion  Landing  System  (ACLS)  to  a low  density  aircraft. 

An  ARPA-IDA  Workshop  in  1970  recommended  that  AH PA 
develop  and  demonstrate  the  feasibility  of  a surface 

effect  takeoff  and  landing  system  (SETOLS)  applied 
to  a high  density,  high  performance,  tactical  aircraft, 
including  naval  carrier  takeoff  and  landing.  NASC  served 
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ns  criirarl  nt^  am'ni  aiui  NSRIK'  scrui!  as  technical  auent 
lot-  tlu»  ARPA  SKTOLS  program.  The  program  was  initialed 
on  12  March  1971  when  ARPA  committed  t ho  first  incre- 
ment of  turn! im*  in  the  a.nount  of  S495.U00.  The  follow- 
ing paragraphs  provide  an  assessment  of  the  program,  which 
was  completed  in  December  1975.  This  paper  and  the  attached 
list  ot  references  represent  the  documentation  of  the  program. 
2 . Defense  Problem  Addressed 

After  the  demonstration  hv  Hell  Aerospace  Company 
oj  the  amphihious  capability  Oi  the  ACL.N  on  the  LA-4  air- 
plane. the  1 .S.  Air  Force  formulated  a joint  program  with  me 
Canadian  liovernment  as  equal  partner  to  apply  the  lecnnolouy 
to  an  intermediate  density  (41,000  pounds  uross  weight)  CC- 
1 1 aircraft.  He  lore  select  inti  the  rc- 115  aircraft,  the 
c-  150  was  considered.  The  much  heavier  "Hercules"  t -150 
(150,000  pounds',  re presen t ed  a considerable  step  from  t he 
1.1-4  and  was  of  no  interest  to  the  Canadians.  Consequently 
t he  ci -115,  Hut lalo.  judged  to  be  rather  a straightforward 
development  w t i h low  to  modest  technical  risk  was  selected. 

Application  of  SKTOLS  to  Navy  hi<h  performance, 
htuh  densitv.  tactical  aircraft  post'd  considerably  different 
technical  problems  from  those  beinu  addressed  by  the  joint 
i .5.  \ir  force  Canadian  program;  Could  either  existing  or 
uew-desi  un  aircraft  tie  equipped  with  a SKTOLS  without 
adversely  affectum  either  low  or  hit'll  speed  performance? 
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Further,  if  the  SETOLS  replaces  normal  wheels,  can  this  new 
type  of  aircraft  be  made  compatible  with  catapult  launch, 
carrier  arresting  system  landing,  and  carrier  flight  deck 
handling  without  undue  complexity?  Finally,  can  the  SETOLS 
trunk  system  have  sufficient  depth  and  area  so  that  landing 
on  moderately  rough  terrain  is  feasible?  (Just  the  opposite 
characteristic  of  the  design  is  required  to  minimize  the 
effects  on  aerodynamic  performance).  The  problem  of  operating 
a SETOLS-equipped  aircraft  on  the  surface  of  the  open  ocean  was 
listed  in  the  IDA-ARPA  Summer  Study  but  was  ranked  as 
a problem  of  low  priority.  This  is  because  the  requirement  for 
size  and  type  of  skirt  design  lor  landing,  takeoff,  or  flota- 
tion of  the  aircraft  in  the  open  ocean  appeared  unreconcilable 
with  the  size  and  aerodynamic  consideration  for  a high  perform- 
ance combat  aircraft.  Also,  the  problems  of  jet  engine  inges- 
tion of  water  and  the  general  composite  design  of  the  aircraft 
Implied  by  the  open  ocean  requirement  necessitated  a complete 
new  aircraft  design.  Accordingly,  in  this  study  the  very 
limited  water  capability  of  the  A-4  was  outlined,  and  scale 
model  landing  dynamics  rests  were  conducted. 

The  aircraft  of  primary  interest  in  the  SETOLS  study 
are  the  tactical  mission  aircraft  of  the  Air  Force,  the 
Marine  Corps  and  the  Navy,  which  have  far  different  charac- 
teristics and  requirements  than  the  cargo  planes.  The  Marine 
Corps  and  NAVAIR  aircraft  have  the  added  unique  and  difficult 
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problems  of  carrier  landing  and  were,  therefore,  the  aircraft 
selected  for  SETOLS  program  study. 

The  broad  spectrum  of  military  requirements  Involved 
in  i lie  application  of  SETOLS  to  high  performance  aircraft, 
together  with  the  attendant  technical  risks  made  the  program 
appropriate  for  AKPA  sponsorship, 

3.  State-of-the-Art  before  ARPA  Program 


The  LA-4  aircraft  equipped  with  the  ACLS,  was  flight 
tested  from  hard-surface  runways,  turf,  water,  snow,  and  fine 
sand.  The  aircraft  also  demonstrated  the  ability  to  taxi 
across  mud,  low  tree  stumps,  and  empty  and  water-filled 
ditches,  and  to  take  off  from  water.  In  November  1970, 
therefore,  the  Air  Force  began  an  effort  to  develop  and 
install  an  ACLS  on  a low  density  CC-115  aircraft.  In  May 
1071,  the  ACLS  program  became  an  International  Cooperative 
Development  Project  between  the  Air  Force  and  the  Canadian 


Department  of  Industry,  Trade  and  Commerce,  The  flight 
testing  of  the  CC-115  aircraft  that  began  in  the  spring  or 
1974  was  exportcMi  to  demonstrate  the  functional  capabilities 

of  the  system,  provide  required  design  criteria,  and  establish 
guidelines  in  the  nreas  of  special  maintenance,  ground  equip- 
ment, crew  training,  and  logistical  requirements.  This  program 
is  estimated  to  cost  approximated  14  million  dollars. 

We  shall  discuss  in  the  next  section  the  technical 
problems  that  will  be  investigated  in  the  Air  Force/Canadian 
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program  that  are/wore  indicative  of  the  state-of-the-art  at 
the  beginning  of  the  ARPA  program. 

The  Air  Force/Canadian  ACLS  program  is  applying 
ACLSs  to  a cargo  aircraft  that  has  sufficient  stability 
margins  to  accommodate  the  destabilizing  ACLS  cushion  with- 
out requiring  aerodynamic  redesign,  A second  significant 
point  about  the  selection  of  a cargo-type  aircraft  for 
SETOLS  application  is  that  it  represents  a simpler  design 
task  since  it  is  built  around  a cargo  volume  and  thus  has 
a large  fuselage  section  with  sufficient  area  to  conven- 
iently locate  a cushion  system.  Also,  if  local  stiffening 
is  added  lo  the  fuselage  structure,  trunk  loads  can  easily 
be  carried  into  tlie  aircraftTs  other  structure.  Finally, 
the  low  sink  rate  requirements,  together  with  the  large- 
cushion  area  available, enable  the  program  to  use  conven- 
tional hovercraft  skirt  materials.  This  ACLS  program,  is, 
however,  developing  a variant  of  these  materials  that  is 
stretchable  when  pressurized;  accordingly,  when  not  in  use, 
the  material  collapses,  holding  itself  close  to  the  luselage. 
-1 . Technical  Problems  Investigated 

The  ARPA  SETOLS  program  considered  many  problems 
that,  for  convenience  in  this  report,  are  divided  into 
three  phases:  (a)  design  of  a SETOLS  for  a current,  high 

per formance , high  density,  carrier-based  aircraft; 
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(b)  performance  analysis  of  a SETOLS-equipped  aircraft;  and 

(c)  general  assessment  of  the  effect  on  aircraft  utility 
and  vulnerability,  etc.,  due  to  SETOLS  addition. 

A . Design  of  a SETOLS  for  a High  Density,  High 
Performance  Carrier  ir craft 

(1)  Is  there  a compromise  possible  between  the 
aerodynamic  stability  problem  with  a large-area  cushion 
using  conventional  fabric  materials  and  a small-area 
cushion  using  higher  strength  materials?  What  are  the 
properties  of  materials  that  could  be  developed  for  this 
application? 

(2)  Is  the  SETOLS-equipped  aircraft  compatible 
with  the  carrier  catapult  launch,  arresting  gear  landing, 
flight  deck,  and  general  carrier  landing  of  aircraft? 

(3)  Is  the  SETOLS-equipped  aircraft  capable  ‘of 
landing  on  an  unprepared  landing  area?  Is  it  amphibious? 

(4)  Can  SETOLS  be  stowed  so  that  when  the  air- 
craft is  airborne  its  performance  is  not  compromised? 

(5)  What  are  the  detailed  designs  of  the  SETOLS 
trunk  system,  its  attachment  to  the  aircraft  structure, 
and  the  air  supply  system  and  its  detailed  design 
character is  tics? 
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Performance  Analysis  of  a Carrier-based , High  Density, 


H. 

High  Performance  Aircraft  Equipped  with  SETOLS 

(1)  Are  structural  loads  from  high  landing  sink 
rates,  i.e.  21  ft  'see , reduced  wi th  SETOLS? 

(2)  vvh;i  i terrain  topography  can  a SETOLS-equipped 
aircraft  land  or  take  off  from? 

(3)  Is  flotation  such  that  the  aircraft  can  taxi, 
take  off  and  land  on  soft  surfaces,  snow,  ice,  and  water? 

What  size  and  shape  of  obstacles  can  be  negotiated  as  a 
function  of  speed? 

(4)  What  are  tho  dynamic  problems  of  any  of  the 
components  of  cushion  system  during  parking,  taxiing,  as 

a result  of  ground  effects,  and  at  flight  speeds? 

(5)  Does  SETOLS  increase  ox’  decrease  capability  to 
lutid  ami  take  off  in  crosswinds? 

(G)  Are  i hero  techniques  applicable  to  a SETOLS 
equipped  aircraft  which  will  provide  both  longitudinal  forces 
used  lor  braking  and  transverse  forces  used  for  aircraft 
handling? 

C.  Assessment  of  Effects  on  Utility  and  Vulnerability 
of  Aircraft  System  Due  to  Addition  of  SETOLS 

(1)  is  tho  loss  positive  steering  of  a SETOLS- 
equipped  aircraft  at  intermediate  and  low  speeds  critical 
lor  carrier  operation?  For  noncarrior  operation? 

(2)  Dots  SETOLS  addition  to  the  aircraft  decrease 
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its  vulnerability'* 

CJ)  Does  SETOLS  addition  reduco  aircraft  weight  or  must 
wheels  be  retained  for  ground  handling  and  safety,  thereby 
increasing  weight? 

5 . Coordination  with  the  Military  Services 

The  Navy  and  Marine  Corps,  from  the  outset  of  the 
SETOLS  program,  have  been  fully  aware  of  the  objectives  and 
status  of  the  program.  The  initial  proposal  for  the  program 
was  submitted  by  NASC,  which  was  selected  by  ARPA  to  be  the 
agent  for  the  program.  NSRDC  conducted  many  of  the  program 
tasks  for  NASC.  NASC,  through  NAUC,  awarded  and  monitored 
several  contracts  to  private  industry.  The  Marine  Corps  was 
kept  abreast  of  program  developments  through  a Marine  Corps 
oi  l leer  ( NAVA  IK  Code  AIR-03M),  who  participated  in  the  li>70 
ARPA- IDA  Workshop  and  who  thereafter  became  a member 
of  the  technical  management  team  at  NASC.  Coordination 
with  the  Air  Force,  while  informal,  has  boon  very  extensive. 

'flu*  Air  Force,  as  well  as  the  Navy  and  Marine  Corps,  was 
heavily  represen  t e<l  at  an  ARPA-sponsored  review  of  the  SETOLS 
program  held  in  .January  1972  (Hof,  1).  A briefing  on  the  Air 
Force  ALLS  Program  was  also  presented  to  this  review  committee. 
Finally,  many  of  the  ARPA-sponsored  efforts  wen;  reported  at 
the  Sixth  Canadian  Symposium  on  Air  Cushion  Technology,  June 
1972,  (Reis.  2 and  3)  and  at  the  First  American  ACLS  Contereme 
in  Miami,  December  1972,  and  later  published  in  the  Proceedings 
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(Hot.  4).  The  Ati*  Force,  having  their  own  program,  has  not 
contributed  to  the  support  of  the  SETOLS  program;  however, 
they  have  used  the  results  of  the  SETOLS  program,  e.g.  the 
technique  to  slop  trunk  flutter,  as  they  found  them  appropriate. 
The  Nnvy  and  the  Marines,  although  Interested,  have  not  ecntrlb- 
uted  financial  support  to  the  SETOLS  program. 

PHOUHAM  PLAN 
1 . Initial  Plan 

The  initial  program  was  divided  into  the  following 
a roit  phases : 

A.  The  selection,  by  each  of  throe  aerospace  contractors, 
ol  either  t Y-H  or  A-4  aircraft  for  SETOLS  application,  prep- 
aration 01  a preliminary  compost  to  design  of  the  aircraft  with 
SETOLS,  analysis  of  the  systoms  performance,  a»'d  development  of 
a program  plan  tor  fabrication  and  test. 

Concurrent  with  the  preliminary  design  effort,  a 
I our  t It  contractor  was  selected  to  fa)  explore  alternate 
trunk  cushion  designs  using  surface  effects  phenomena,  anti 
(b)  examine  new  materials  for  SETOLS  application. 

It.  To  accompany  the  composite*  design  and  periormance 
analysis,  a series  of  wind  tunnel  tests  of  the  SETOLS  air- 
rrn  1 t was  planned,  progressing  in  de  tail  and  accuracy  as 
lln  design  progressed.  Similarly,  static  and  dynamic  drop 
tests  ol  the  iii.-hion  system  wore  also  planned. 

t . I pon  com;. let  ion  of  the  above  two  phases,  a request 
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for  proposal  was  to  be  issued  lor  t lie  detailed  design  and 

installation  of  SKTOLS.  The  concept  to  be  bid  on  would  either 
be  the  best  of  the  three  or  the  best  combination  from  the  three. 

0.  Flight  demonstration  of  the  SErOLS  equipped  airplane. 

2 . Revised  Program  Plan 

Midway  in  the  above  program  the  Navy  (Ref.  5)  recom- 
mended a revision  to  the  ARPA  SETOLS  program.  However,  because 
the  Ref.  5 plan  did  not  relied  the  recommendations  of  the  ARPA 
review  (Rcl.  1)  the  program  was  directed  to  be  consistent  with 
Ref.  1.  A formal  revised  program  plan  was  never  issued,  but 
in  summary  the  major  elements  of  the  plan  are  as  follows. 

A.  Aircraft  'cushion  Dynamics  --  Determination  of  aircraft  ; 
SETOLS  dynamics  during  and  after  landing  impart  by  quantifying 
the  motions  of  three  dynamically  scaled  1 3-scale  trunk  models 
dropped  from  a moving  carriage  at  the  Landing  Loads  Facility 

a t NASA  Langley. 

B.  Arrest  i ng  < able  I mpac  t --  lie  tormina  t ion  of  the 
behavior  on  impact  of  a trunk  system  with  an  arresting  cable, 
considering  material  strength  ami  model  motions  (to  be 
conducted  in  con  tunc t ion  with  dynamic  model  tests). 

C.  Trunk  FI m ter  --  lie  terminal  ion  ol  the  nature  of 
trunk  flutter  when  in  proximity  to  the  ground.  The 
analytical  apt. roach  will  define  the  important  structural  and 
fluid  parameters  involved,  and  two-dimensional  model  trunk 
tests  will  support  and  verify  the  analytical  results. 
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I>.  \erodvnam le  (‘liararliTisI  iis  --  I*e  I ertn  t na  I ion  ot 
i in • aerodynamic  ha ra r t rr is t irs  ol  the  A-4  lioeinu  twin 
trunk  < -mill)  ma  t t on  in  wind  i unite*  1 tests.  Tin*  twin  trunk 
< nni  i ur;»  t mn  developed  It  y Hoc.*  in*:  lor  tin-  A-4  aircraft  was 

i i.nsen  because  it  promised  advantages  over  a sin.;  lc  t r ‘nk 
. terms  o l s t a t » t I i t v in  ground  • * t t « • < • t i * -s  pec  ta  1 1 v a rout  .<• 
tin*  roll  axist.  case  ol  inter  lar  in^  will.  : lie  aireralt 
ii,row:ii  liard  points  oil  the  wtnus.  ami  t ae  inherent  sntetv 

• *!  reiainttv;  the  test  a i r*  ra  It's  normal  lamli  n.:  uear. 

t.  dver-ttaier  capability  --  Utei'tiiiua  i ion  ol  t no  <ir;*  ; 
am  statu  1 it  v cha  rac  ter  is  l ies  ol  a penuplteral  trunk  syste 
o',  e r deep  wa  ter. 

■ . Ibis  ■•(•vised  phase  ot  the  program  was  t u.uieu  lor 
s .oi». ooo,  i iirmi  ;h  Uvenher  11*71! , flies,-  i utids  were  m aiiui 

• imi  to  -tie  s l!ir,  .OOO  luiuliim  for  i tie  inii  lal  program. 

■ij  » .It  W.  ttl.st  I. i s 

i :.■•  res'll  Is  ti»  data  ol  the  nut  la  I and  l lie  siihsei|U‘-t 
:•  . i sell  pro. tram  plans  a re  ns  lot  lows; 

1 , oiupie-  i ! ■ • tie*,  i ,;u  a ul  I *«  • r t or  ma  nee  \ ua  I \ s i s . si  i ul.s 

i ne  Hell  tei'ospaee  Company.  the  .tin  bie^o  Airera 
in.  llieeriii^.  Inc.  ■ S\Ni»A  liif. ) . a lid  ill*'  Hoe  it;  ; totitpat'.V 

• i . . ; ra  i i cd  to  emit  inn  t Me  leasibi  lit.  ot  ..mil  I vuu  ei  liter 

- .s  or  i be  \-l  anvral  I to  incorporate  a sKTOl.s . i a*  n 

• o!..a:e.  was  asked  to  seloi'l  one  or  tin-  oim-r  airera  t t and 
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Aerodynamic  Charne  I or is  I ics 


I >« • t <•  nn  i na  t ion  o I 


t ho  aorod  ynnm  10  olia  rae  I or  is  I 1 os  of  the  A — *1  Hoeing  twin 
trunk  combination  in  wind  tunnel  tests.  The  twin  trunk 
« on  i lyural  ion  developed  l>y  Hoeing  lor  the  A--1  a lrrrafl  was 
i lutsen  because  i i promised  advantages  over  a sun;  le  ti*"nk 
in  terms  ol  stability  in  ground  e I lee  I (especially  around 
the  roll  axis',  ease  ol  interlacing  with  the  airerati 
t lirnii"ji  hard  points  on  the  winns , and  tin*  inherent  saieiy 
ol  retainin'.;  the  test  aircraft's  normal  lauding  year. 

I.  (tver-W;i  l er  Ca  pa  It  i 1 i t y --  lie  t emit  tut  t ion  ol  the  dray 
ami  stability  elm  rae  ter  i s t ics  ol  a perltipheral  trunk  system 
over  deep  Wil  ter. 

• . I'h  i s revised  phase  of  the  program  was  1 unded  lor 
s aio.ooo.  I hrouyli  iHu'eruber  lb7h.  These  funds  were  in  addt- 
' ion  to  i tie  Sl'tr, . not)  i mutiny  for  the  initial  program. 

! 'i:t  h ,i;  \ v.  n !•; si  i . i s 

i he  results  to  data  of  tlx*  init  ta  1 and  the  subsei|i;e,i  t 
vised  pro!;r;un  plans  are  as  follows; 

1.  ompox  i t e lies  i y n ami  I ’« • r 1 or  ma  nee  Analysis.  Si  IOI.S 

Tne  Hell  Aerospace  Company,  the  shin  lueyo  Airerati 


neer t ny , 1 ne . 

( SAN  DA  I Hf 

.)  , a lid  t lie  doe  l n.;' 

company  were 

ra  tied  to  eon  1 

i rm  1 he  1 

eas i h l 1 l 1 v o 1 mod : 

t 1 v l ny  either 

• S or  the  A - 1 

a i rcra 1 t 

t o i nrorpora : e a 

SKT01.S.  i.ae 

a :t  wa  s asked 

to  select 

one  or  l lie  ol  her 

a i n ra  ! t a nd 

i:t 


I hen  complete  a preliminary  design  of  the  required  modi  lira- 


S 

t 

1 

1 

I 
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t ion  ami  analyze  the  resultant  performance.  Those  two  air- 
mail were  selected  since  1 hey  represented  aircraft  that 
Mere  currently  operational  and  available  for  use  as  an 
experimental  platform.  The  choice  as  to  whether  to  keep 
the  l.'imli  m:  .’ear  or  not  was  left  to  t h<>  individual  study. 

\ Minima  r v of  t lie  results  of  each  follows. 

A.  Ihe  Hoe  i in;  ( 'ompa  ny  selected  the  McDonnell  Douglas 
1 a i reran  to  outfit  with  t ho  SKTOl.S,  on  the  basts  that 
the  engine  inlets  are  located  above  the  wines,  thereby 
:n  n i m i / l te.;  em.iiie  incest  ion  of  water  sprav  and  debris.  In 
addition,  the  existin'.',  landing  ".ear  attachment  is  convenient 
to  ;i  i ini'h  Sl-'TOl.s  support  pods  ol  sufficient  size  to  house 
• i • • l 1 a t ed  skirts,  solvin.;  possible  ba.;  flutter  and  unwanted 
I'i'i'iisi  i ie  ilrii:’,  problems.  The  resultant  ('(Hit  upirat  ion 
reunited  in  two  trunks,  one  under  each  wine,  in  contrast 
1 < > the  d w l I a 1 o s i ii  :•  i e trunk.  In  prrptira  i ion  i or  1 a m 1 1 ,i.,  . 
i ;.c  pods  would  open , aiul  the  air- inf  la  ted  SKYOl.b  trunk 
would  protrude.  This  design  retained  the  normal  land]  in; 

:;e;i  r and  was  so  designed  that  eapalnlilv  ot  wheels-down 
la  ml  i ii. '.s  was  preserved  . sol  vim;  safety  and  ground-hand  i i n-- 
j in  >1  > 1 ems  but  add  im;  to  Ihe  weight  of  i lie  aircraft.  The  two 
M'ini  rn  ini  pods  leave  clear  access  to  t tie  underbody  ol  the 
a i reran  lor  a t t aeiuueu  t ol  weapon  stores,  catapult 
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attachment,  and  normal  arresting  hook;  In  addition,  the 
wide  footprint  ol  the  two  trunks  provides  considerable 
lateral  ground  stability  not  available  in  a single  trunk. 
Slight  changes  were  required  to  the  horizontal  tail  to 
compensate  for  reduced  low-speed-aerodynamic  directional 
stability  caused  by  the  added  pods.  Performance  aspects 
are  discussed  later  in  this  report.  The  Boeing  study  is 
documented  in  Ref.  6. 

B.  The  Bell  Aerospace  Company  selected  the  F-8  air- 
craft to  equip  with  SETOLS.  This  aircraft,  having  greater 
thrust-over-drag  margin  and  greater  volume  available  for 
equipment,  suggested  a cushion  design  and  material  require- 
ment very  similar  to  that  ol  the  CC-115  SETOLS  system,  i.e. 
lower  cushion  pressure,  and  operation  at  lower  angles  of 
attack  at  takeofl.  It  did  not,  therefore,  require  a dynamic- 
nose  pop-up  mechanism  to  provide  the  required  angle-of- 
attack  for  lakeol 1 . The  Bell  SETOLS  design  removed  the 
landing  gear  and  placed  a contiguous  trunk  below  the 
fuselage.  The  cushion  system  extended  alt,  terminating 
just  forward  of  the  carrier  arresting  cable  hook.  The 
trunk  materials  recommended  were  stretch-type  materials 
that  would  retract  against  the  fuselage  when  not  pressurized. 
A separate  air  supply  system  was  added.  The  catapult  attach 
was  extended  slightly  and  located  forward  in  the  cushion 
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cavity.  During  catapult  a portion  of  the  trunk  was  deflated 
to  permit  attachment  to  the  catapult.  A larger  vertical 
stabilizer  was  required  'o  compensate  for  decreased  low 
speed  directional  stability.  Because  the  design  had  no 
wheels,  i light  deck  handling  was  done  ither  by  taxiing  or 
the  use  of  tractors,  keeping  the  cushion  inflated,  or,  by 
use  ol  a parking  bladder,  the  aircraft  would  be  parked  on 
a wheeled  dolly  li  it  were  desirable  to  move  the  aircraft 
without  operating  the  jet  engine  and  cushion  auxiliary 
power  unit.  Its  performance  is  discussed  later  in  this 
report.  The  Bell  study  is  documented  in  Ref.  7. 

C . The  San  Diego  Aircraft  Engineering,  Inc.  (SANPAIRE) 
selected  the  F'-8  for  SETOLS  because  of  (a)  the  aircraft’s 
low  ground  clearance,  (b)  low  angle  of  attack  because  of 
its  variable  inc  idence  wing,  (c)  no  center-line  body  stores, 
and  (d)  the  high  wing  that  has  minimum  effect  on  general 
stores  and  on  the  SETOLS  when  deployed.  The  SANPAIRE 
design  incorporated  ground  handling  gear  and  brakes  as 
necessary  for  safe,  efficient  handling  of  the  aircraft  on 
a carrier.  The  handling  wheels  were  of  ronventional 
design;  however,  they  were  smaller  and  lighter  in  weight 
than  those  of  the  F-8  since  they  were  designed  only  lor 
taxi  and  takeoff.  The  question  as  to  whether  the  aircraft 
can  be  safely  catapulted  with  SETOLS  was  not  resolved  in 
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this  1 imi  t i‘d  s*  udy  . 

I'll  is  SKTOLS  design  houses  in  i lie  eon  ter  fuselage 
a rare  t rack-shaped  contiguous  trunk  cushion.  After  takeolt 
i hr  cushion  is  traded  into  the  fuselage  and  doors  close 
ov>*r  the  detlati'd  cushion  material  to  protect  it  from  the 
winds  t ream.  The  ^ross  weight  of  this  SKTOLS  K-8  aircraft 
is  slightly  less  than  standard  the  F—  HI  1 . The  stability  of 
the  a i ivt'ii  I t was  I mind  to  be  affected  bv  I he  SKTOLS  addi- 
tion: however,  t he  extent  of  aerodynamics  platform  revisions 
required  to  rompensale  was  not  do  form  i tied  . The  SAMOA  I UK 
study  is  doe  utnen  ted  m Ue  f . 8 . 

i>.  O l her  S t ltd  i os  . In  addition  to  the  three  specific 
a i reran  designs  for  applying  SKTOLS.  an  analytic  study  of 
skirt  systems  and  materials  for  SKTOLS  application  was 
! erl  or  ti:«  ■ i i bv  the  tioodvoar  Tire  and  Rubber  Company  . NSKHC 
e t t her  conducted,  or  were  technical  monitors  lor.  a series 
ol  i hoi»r<  i leal  and  expn'iinenial  studies.  The  (ioodyenr  is 
•ummn  rr/.ed  ms  Ini  lows,  the  NSRi'C  work  in  the  next  sect  ion, 

* The  ( ,o<  >d  v e n r Tire  and  Rubber  Company  cvalua  let! 
prom  i s i 1 1 ; v a t r - e us  It  i on  concepts,  established  power,  i n I la  - 
t ion  pressures,  and  carrier  impact  load  req u i romon t s , 
evaluated  catapult  feasibility  and  evaluated  and  reviewed 
material  requirements  and  folding  charaolensl  ics. 
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tioodvear,  in  its  ri'poiM  (llel'.  *.»),  coin:  link'd  that; 

(1)  I'  1 ex  i I)  l«'-sk  i r l air  fusions  arc  feasible 
tor  earner-based  a i rural t. 

( 2 ) Peripheral  jet  designs  arc  preferred.  whether 
s iiir.  1 e lobe  or  mu  1 t i 1 obe  , prov  l d i lip  s u I t l e l en  t 1 ubr  i ■ a l i u 
air  with  nominal  io  low  power  requirements. 

(fit  designs  art*  relatively  simple  and  can  use 
conventional  materials  and  fabrication  techniques.  The 
systems  can  In*  retracted  and  enclosed  in  a compa r t men t . 

• o n v e 1 1 1 tonal , non-stretch  materials  are  more  elficienl 
and  a r-e  prelerred  over  the  pliable  materials. 

In  summarv.  the  Pour  studies  did  not  a^ree  on  ail 
points.  Some  ol  the  areas  ol  d i sap reemt  • i > t were  per:  ineni 
o SKTOl.S  win  le  others  were  not  . However,  tin-  lol  low  in.; 

; • 1 1 n l < a 1 issues  are  e v i iit>n  t . 

• Sew  hipli  pressure  trunk  materials,  whether  oi  1 iv 
i oiivcii  t ioiiji  I type  or  stretchable,  were  not  considered. 

• the  I toe  i ii".  sludv  briefly  considered  landing  and 
hiKi'ol  I on  waier.  It  cone  I tided  that  for  take  off  even 

on  a smooth  sea  , thrust  for  I he  \--l  was  marginal  to  acceler- 
ate t tic  a i rural  I thru  Intmp  speed.  h i'nrd  impy  , they  coin  lu- 
d • ■ d that,  lor  lie-  aircraft  considered,  takcoll  and  land  in.;  on 
protected  water  was  the  only  jtraid  tea  1 possmi  lily  and  I t.a  t t 
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aircraft  would  have  to  exceed  hump  speed,  i.e.,  8 knots 
before  reaching  the  water. 

• The  handling  of  a SE70LS-  oquipned  aircraft  on  a 
carrie’-  remains  a problem. 

2 . The  Xaval  Ship  Research  and  Development  Center 

NSRIX'  served  as  the  technical  steward  of  the 
SETOLS  program.  Their  interim  and  final  reports  are  Refs. 
10  and  11,  respectively.  The  following  summary,  drawn 
from  Refs.  10  and  12,  is  consistent  with  but  briefer  in 
detail  than  1tef.  11. 

A . Wind  Tunnel  Tests 

One- tenth  scale  models  of  each  of  the 
contractor’s  proposals,  with  their  versions  of  SETOLS 
installed  on  the  F-8  or  A-4  aircraft,  were  tested  initially 
at  NSRDC  to  obtain  the  effect  of  SETOLS  on  the  aircraft’s 
static  longitudinal  and  lateral  aerodynamic  stability  and 
control  characteristics.  The  deployed  trunks  were  not 
supplied  with  airflow,  nor  were  ground  effects  simulated. 
The  results  of  these  preliminary  tests  are  documented  in 
Refs.  13  and  14  and  were  used  by  the  contractors  to  update 
their  proposals. 

Upon  selection  of  the  A-4  Boeing  SETOLS  con- 
figuration as  the  suggested  ARPA  demonstration  configura- 
tion, another  more  meaningful  test  was  made  with  simulated 
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trunk  airflow  both  in  and  out  of  ground  effect  conditions. 
This  was  a 22  percent  scale  model  test  conducted  at  the  LTV 
Aerospace  Corporation  low  speed  wind  tunnel.  Briefly  the 
results  of  this  test  can  be  summarized  as  follows. 

(1)  No  abrupt  changes  are  introduced  into  lift 
end  pitching  moment  characteristics  - i the  A-4  with  the 
SETOLS  configuration,  and  the  dalf  ar.»  quite  linear  to  an 
angle-of-attack  of  18  degrees,  which  should  be  sufficient 
for  most  landings  or  takeoffs. 

(2)  While  there  is  a slight  loss  in  control 
surface  effectiveness,  both  stabilizer  and  flaps  are 
effective  over  the  range  of  angles-of-attack  for  takeoff 
and  landing,  with  sufficient  stabilizer  control  for 
trimming  the  aircraft. 

(3)  The  SETOLS-equipped  A-4  aircraft  shows  a 
reduction  in  the  total  in-ground-ef fact  drag  with  cushion 
air  flow  compared  to  the  conventional  A-4  aircraft. 

(4)  The  lateral  stability  was  improved  for  the 
in-ground-effect  condition;  however,  a loss  occurs  for  the 
out-of-ground  effect  condition  (landing  approach).  The 
addition  of  vertical  stabilizers  on  the  horizontal  tail 
will  recover  much  of  this  loss. 

(5)  There  was  a loss  in  directional  or  weather- 
cock stability;  however,  addition  of  the  auxiliary  vertical 
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stabilizers  resulted  in  a configuration  with  more  direc- 
tionally stability  than  the  conventional  A-4  aircraft. 

It  should  be  noted  that  these  results  are 
based  on  the  reference  center-of-gravity  (eg)  for  the 
stability  and  control  data  fixed  at  the  A-4  wing  quarter 
mean-aerodynamic-chord  point.  Additional  testing  would  be 
required  to  define  aerodynamic  performance  should  the  eg 
history  for  the  A-4  with  SETOLS  over  its  mission  profile 
be  significantly  different  than  for  the  unmodified  A-4.  The 
full  results  of  these  tests  are  given  in  Refs.  15  and  16. 

B.  Testing  of  SETOLS  Aircraft  Landing  Dynamics 

The  analysis  of  the  energy  absorption  capabili- 
ty of  the  air  cushion  attached  to  a high  density  airplane 
had  had  little  or  no  verification.  Consequently,  scale 
models  of  the  various  trunk  configurations  on  the  F-8  and 
A-4  aircraft  were  tested  with  static  drop  tests.  Also,  one 
of  the  Goodyear  designs  was  tested  on  the  F-8  model.  All 
cushion  designs  decelerated  the  vertical  velocity  of  the 
models  with  ample  margin,  so  small-area,  moderate  pressure 
cushion  systems  are  considered  feasible  in  this  respect. 

In  addition  to  the  static  tests,  the  Boeing 
design  is  planned  to  be  dynamically  scaled  and  towed,  to 
be  released  at  landing  speed  and  normal  sink  rates.  Air- 
craft surface  damping  due  to  wings  and  tails  will  not  be 
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represented  in  these  tests.  These  tests  are  to  be  con- 
ducted at  the  Landing  Loads  Facility,  NASA,  Langley, 
at  their  convenience — currently  scheduled  in  late  CY  1974. 
Although  these  tests  and  simulator  tests  conducted  in 
support  of  the  Air  Force  program  are,  in  effect,  two 
dimensional,  they  will  indicate  whether  or  not  there  are 
dynamic  problems,  which  will  most  surely  be  aggravated 
when  a third  degree  of  freedom  is  added  and  with  a carrier 
landing. 

C.  Impact  on  Cushion  and  Arresting  Cable 

The  Landing  Loads  Facility,  NASA,  Langley, 
also  tested  the  effect  of  the  impact  of  arresting  cables  on 
cushions,  using  simulated  carrier  landings.  The  Bell  F-8 
trunk  model  showed  no  adverse  dynamic  behavior  after 
impacting  the  cable  arresting  system.  No  damage  was  evident 
to  the  trunk  material  after  repeated  impacts,  the  trunks 
being  stiff  enough  that  the  fabric  does  not  wrap  itself 
around  and  capture  cables;  this  was  a predicted  problem  of 
some  concern. 

D.  Trunk  Flutter 

Flutter  exists  in  the  trunk  material  when  the 
trunk  is  close  to  the  ground  surface.  This  was  observed 
in  all  the  dynamic  tests.  Two-dimensional  flutter  charac- 
teristics as  functions  of  trunk  and  cushion  pressure,  air 
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flow,  peripheral  jet  air  velocity,  and  ground  clearance 
were  measured  for  correlation  with  an  analytic  model  (see 
Ref.  17).  The  analytic  model  has  been  developed  by  NSRDC, 
but  has  not  yet  been  published.  A series  of  fixes  were 
evaluated  experimentally  that  damped  the  flutter  suffi- 
ciently for  the  dynamic  tests,  and  many  of  these  techniques 
are  being  applied  in  the  Air  Force  program.  Until  full- 
scale  dynamic  landing  and  takeoff  tests  are  conducted,  it 
is  difficult  to  tell  whether  flutter  is  a severe  problem 
or  merely  a transient  phenomenon  that  is  passed  through  so 
rapidly  that  it  can  be  ignored  except  in  static  tests. 

This  is  an  area  demanding  further  effort,  which  it  will 
most  probably  receive  under  the  Air  Force  program. 

E.  Scale  Model  Tests  of  SETOLS  on  Water 

In  order  to  investigate  the  operation  of 
SETOLS  over  water,  powered  scale  model  tests  of  peripheral 
inelastic  tx'unks  with  a range  of  length-to-beam  ratios 
(2:1,  4:1  and  6:1)  were  conducted  in  the  low  speed  tank 
facility  of  the  Lockheed  Ocean  Laboratories,  San  Diego, 
California,  Tests  were  completed  in  August  1973,  and  data 
show  that  pitch  stability  is  very  sensitive  to  length-to- 
beam  ratios,  the  2:1  being  unstable  for  all  test  conditions. 
This  is  an  area  that  requires  considerable  additional  work 
and  most  probably  will  not  be  encompassed  in  the  joint 
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Air  Force/Canadian  program.  This  work  is  documented  in 
He  I . 18. 


11 . Follow-on  Plans 

Neither  the  Navy  nor  the  Marine  Corps,  in  assessing  the 
trans lor  and  possible  use  of  the  SETOLS  technique,  could  corre- 
late a mission  with  high  enough  priority,  with  the  proposed  demoi. 
stration  on  the  A-4  and  accordingly  could  not  justify  transfer. 

It  was  at  this  point  that  ARPA  decided  to  terminate  the  program. 
RESOURCE  LEVELS 

The  SETOLS  nrogram  was  initiated  in  FY  1971  with  the 
commitment  ol  $195,000  under  ARPA  Order  No.  1755,  to  NASC. 

The  program  was  continued  in  FY  1972,  with  the  same  agent, 
with  the  commitment  of  $500,000  under  ARPA  Order  No.  2121. 

The  1 unding  distribution  by  task  and  organization  is  shown 
in  Table  1,  which  reflects  the  fiscal  year  in  which  funds 
were  obligated. 

TABLE  1 


TABLE  OF  PROGRAM  FUNDING  (THOUSANDS  OF  DOLLARS ) 


Task  /Qi’ganiza  tion 


FY  71  FY  72  Total 


Feasibility  Studies: 

NSRDC 

Bell 

Boeing 

Sandaire 

(ioodycar 

NADC 

S' A SC 


360 

* 

* 

* 

* 

* 

* 

* 


♦Indicates  year  in  which  performer's  activity  was  funded. 
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Ta bio  I ( con  t d . ) 


Task  Organization 

Aircraft  Trunk  Dynamics: 

NSHDC 
He  1 1 

C.oodyc  ar 
I loo  i nu 

iii  Tt  si  me  (able  impact: 

N SR  DC 

trunk  Aerodynamics  : 

NSHDC 

LTV 

Trunk  Tint l or : 

\SHDC 

sw  Rosearen 

k.t  (**)•  < harte-  * or  ist  u-s: 

NSH1K 
I/><  klieed 
< ell  t ro  Cor  p. 

V\  I K 

TOTA1. 


FY  71 


* 

* 

* 


195 


FY  72 

* 

* 

* 

* 


* 

* 

» 

» 

500 


Total 

251 

20 

12b 

42 

196 

995 


; ( )\  n< a < toh  i *i-R  for  %ia  nck 

In  muss  i on  ol  the  results  ol  the  studies  ol  per  torn. - 
am  e ol  tin  SRTOLS-equipped  aircraft  is  best  accomplished 
against  a background  of  the  technical  issues.  The  AH  PA 
program  addressed  the  following  points. 

1 . The  composite  liosign  of  a SKTOLS-eguipped  Carrier- 
based  Airerait 

The  composite  design  studies  did  not  sirens  the 
d« - vc  1 opiin-m  ol  , or  show  wtiat  was  possible  in  advaiu-ed 
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s t a le-ol  - t lie-art  . small,  high-si rengl h cushions,  and  as  a 
(•.•suit,  all  des  i gns  showed  that  curmit  conventional  cushions 
could  be  adapted  to  the  carrier  aircraft.  Implicit  with  the 
use  oi  conventional  cushions,  there  are  compromises  in  the 
low  speed  aerodynamic*  and  overall  per  t ormn  nee  ol  the  aireraft. 
The  redesign  ol  t lie  aircraft  to  minimize  the  of  feels  is,  oJ 
course,  a substantial  task  and,  accordingly,  was  only  ad- 
dressed I leetinr.lv  with  the  Boeing  design. 

The  aircraft  with  state-of-the-art  large  cushions  can 
be  designed  to  be  compatible  with  carrier  catapults  and  arrestee 
landings:  however,  handling  the  SKT01.S  aircraft  on  a carrier 
I light  deck  remains  a potential  problem.  The  All  PA  study  con- 
centrated perhaps  too  much  on  the  carrier  problem  and  neglected 
the  more  significant  and  challenging  problem,  i.  o.  can  the 
Shi'OI.S  aircra't  land  on  an  unprepared  runway.  The  requirements 
lor  obstacle  clearance,  trunk  depth,  ami  flexibility  for  a 
landing  or  takeolf  I rom.  a rough,  unprepared  runway  tend  to  a 
large  trunk  design,  antithetical  to  the  requirement  to  Keep 
i i i s 1 1 tot,  area  and  extension  I rom  the  aircraft  as  small  as 
possible  to  minimize  the  aerodynamic  destabilizing  (’licet, 

Also  necessary  is  a definition  of  an  unprepared 
way.  Here  the  allowable*  size  and  spacing  of  undulations 
as  a I unci  ion  of  cushion  size  were  not  defined,  although 
these  are  important  as  they  approach  the  dimensions  of  the 
;'.l.Tf)I,:s  cushion  height  and  length,  and,  consequently,  must 

2<i 


.<  i rtTa  I l 


and  cushion  <m  > . 


In-  quant  it  led  tor  each  s|M’ci  I i< 

Oliv  ions  Iv  I ho  cushion  can  bo  designed  to  operate  over  a 
cons  idcrablf  ranr.e  <>  I obstacle  topologies  at  the  expense  n 
j'lui-r.  cushion  depth  and  size,  and  el  tool  on  a i irra  1 I 
*-  ' a b i l 1 t v and  control.  T i na  I 1 v . tin-  poros  i t v o . the 
> iidai  r is  important  a mi  mnsi  be  < ons  i dored  . 
i.  i'uc  triphibious  ' apaln  I t I trs  <>!  a i.YGl.."  -equ  i ppeu 
1 liiTiri1  \ i re  ra  I I 

I'be  M{|*\  SITIOI.S  studv  iinlio  ct  lv  i 1 1 uir.  t na  l od  the 
• t tot.  of  whether  a iiiiih  per  I or  ma  tun  • inrcrat  i equipped 
•Ait:,  eh  tOI.S  <an  apn'a  !«•  Iron:  t be  sue  lace  oj  the  open  irca!. 
r.e  answer  appears  to  be  that,  i I SLiOLs  is.  added  to  an 
exist  m..  :ii"h  per  1 orniance  airrrati.  l lie  ;mmi  i inn  adversely 
a t h'cis  stability  and  control  ol  the  aimrali  unless  t he 
volume  ol  : tie  l i-,ink  svslcni  and  its  projection  Iron*  the  air 
era  it  is  in  1 1 i i i..a  1 . The  requirements  I or  opera  t < n.t  i-.i  : •> 
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takeoff,  or  land  in  the  open  ocean. 

^ Finally  there  j.s  the  question:  Can  the  SETOLS  be 

| stowed  so  that  when  the  aircraft  is  airborne,  its  perform- 

ance is  not  compromised?  The  SETOLS  can  be  built  with 
| (a)  conventional,  rigid  materials  that  can  be  folded  into 

a closed  compartment  during  flight,  or  (b)  with  elastic 
^ materials  that  can  be  used  to  withdraw  the  material  into 

• the  same  compartment.  The  current  Air  Force  program  will 
evaluate  the  effectiveness  of  elastic  materials  being 

I drawn  against  the  era  it  superstructure  yet  exposed  to  the 

air  stream.  At  high  speeds,  tnis  is  not  judged  practical. 

• 3.  Analysis  of  the  Performance  of  SETOLS-equipped  Carrier 

I Aircraft 

The  SETOLS  design  studies  concluded  that  it  appears 
I feasible  to  catapult  the  aircraft  with  SETOLS  active;  how- 

ever, there  are  differing  points  of  view  as  to  whether  it 

■ is  practicable.  This  is  an  area  where  further  study  and 
a test  would  be  helpful. 

Arrested  landings  are  entirely  feasible,  and 
I SETOLS  otters  eventually  a more  benign  environment  tor 

pilot  and  aircraft  during  deceleration  than  does  a conven- 

■ tional  landing  gear.  Interaction  of  the  cushion  and  the 

i arresting  cable  docs  not  appear  to  be  a problem.  The  impact 

attenuation,  using  SETOLS  witli  current  large-area  deep 
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cushions,  appears  let  i e and  practicable;  however,  the 
detailed  design  of  i£  nethod  of  energy  dissipation, 
whether  in  ti.  air  supply  and/or  vents  on  the  trunks, 
requires  further  study.  Addition  of  SETOLS  to  an  A-4  air- 
craft reduces  the  positive  braking  of  the  aircraft  on 
landing  and  increases  the  run-out  upon  landing  on  a con- 
ventional hard-surfaced  concrete  runway  from  2750  to 
3250  feet.  This  is  a subject  that  demands  additional 
study;  and  most  surely  it  will  be  considered  in  the  Air 
Force  program. 

The  ARPA  and  Air  Force  test  program  progressed 
far  enough  to  identify  that  there  are  three-dimensional 
damping  problems  associated  with  landing  with  a SETOLS- 
equipped  aircraft  on  a hard  surface.  Also  a transient 
trunk  flutter  problem  was  found,  though  it  may  not  be  a 
problem  in  the  changing  dynamic  situation  of  landing  or 
take  off  or  over  soft  surfaces.  The  Air  Force  program 
will  of  necessity  resolve  both  of  these  problems.  A 
third  dynamic  problem  is  that  associated  with  operation 
over  water. 

Finally,  there  is  considerable  increase  in  air- 
craft crosswind  landing  and  takeoff  ability;  however,  ARPA 
studies  did  not  quantity  the  increase. 
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4 . Assessment  of  Effects  on  Utility  and  Vulnerability  of 
an  Aircraft  due  to  Addition  of  SETOLS 

In  general,  the  addition  of  SETOLS  brings  mixed 
blessings.  The  SETOLS-equipped  aircraft  is  not  as  sensitive 
to  the  roughness  or  hardness  of  the  runway  as  is  the  wheeled 
aircraft;  yet  it  must  pay  for  this  by  an  increase  in  air- 
craft total  drag  when  SETOLS  configuration  and  auxiliary 
air  supply  system  are  included.  The  performance  of  the 
aircraft  accordingly  suffers  slower  speed,  requiring  longer 
runways  to  oecome  airborne  or  to  stop.  The  impact  on  air- 
craft performance  due  to  the  addition  of  SETOLS  is  depend- 
ent upon  whether  the  aircraft  is  designed  with  SETOLS  from 
the  beginning  or  whether  SETOLS  is  added  as  an  after 
thought.  Ground  handling,  particularly  on  a carrier, 
requires  wheels,  which  probably  have  to  be  comparable  to 
today's  wheels  so  that  emergency  landings  are  possible. 

So  there  probably  is  a weight  penalty;  however,  the 
redundancy  of  landing  capability  is  desirable, 

SETOLS  provides  the  ability  to  traverse  small 
obstacles  and  steps;  however,  this  ability  must  be 
qualified  as  to  the  number,  spacing,  and  location  of  such 
obstacles  in  relation  to  the  dynamics  of  either  landing  or 
takeof  f . 
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SETOLS  may  afford  the  capability  to  operate  from 
a battle  damaged  but  not  cratered  runway,  but  so  may  an 
aircraft  with  conventional  landing  gear.  However,  a SETOLS 
aircraft  has  a considerable  advantage  in  that  it  can  land 
in  areas  adjacent  to  a hard-surface  runway  or  run  off  the 
end  of  a runway  with  some  impunity,  which  is  difficult  with 
high  density  aircraft  with  conventional  gear. 

The  addition  of  SETOLS,  together  with  wheels, 
should  decrease  aircraft  losses  since  the  two  systems  avail- 
able for  landing  would  increase  aircraft  reliability  and 
life  expectancy.  A further  point  is  that  the  air  cushion  is 
provided  with  holes  for  releasing  air,  so,  additional  holes 
or  rips  will  not  critically  degrade  performance  too 
rapidly . 

At  this  lime  it  appears  that  the  addition  of 
SETOLS  to  existing  craft  will  increase  the  aircraft  weight, 
whether  or  not  the  wheels  are  retained  for  safety  and 
handling;  therefore,  performance  will  suffer.  However, 
for  new  designs,  there  is  a potential  for  reducing  aircraft 
weight . 

Finally,  the  lack  of  positive  steering  of  a 
SETOLS-equipped  aircraft  at  intermediate  and  low  speeds 
on  a wind-swept  rolling  carrier  deck  is  considered  a 
critical  problem  and  may  dictate  the  retention  of  some 
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forms  of  wheels  or  alternates  such  as  tractor  lift  'tow/ 
skid  system. 

PROW. AM  IMPACT 

1 . Actual  Impact  on  Other  Programs 

The  Air  Force  'Canadian  ACLS  program  has  used  a 
solution  developed  by  Bell  and  NSRDC  in  the  early  stages 
of  the  ARPA  SETOLS  program  to  alleviate  trunk  flutter 
problems  experienced  in  model  tests.  This  solution  includes 
installing  a strake  to  provide  flow  separation  and  adding 
concentrated  masses  at  appropriate  locations  on  the  trunk. 
The  detailed  measurements  by  Southwest  Research  Institute 
(Ref.  17),  and  their  recommendations,  will  allow  design  of 
a cushion  system  where  flutter  is  either  eliminated  or 
minimized.  Another  program  that  has  used  data  generated  in 
the  SETOLS  program  is  the  Air  Force  program  to  apply  SETOLS 
to  a Jindivik  RPV.  Two  innovative  features  that  emerged 
from  the  initial  SETOLS  ieasibility  studies  are  the  concept 
of  the  inelastic  trunk  and  the  use  of  a fan  employing  a tip 
turbine  driven  by  propulsion-engine  bleed  air  to  supply 
ACLS  air;  both  of  these  have  been  used  in  this  program. 

The  Jindivik  program  began  with  feasibility  studies  in 
KY  1972  and  is  scheduled  to  end  with  flight  tests  in 
FY  1975. 
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2 . Potential  Impart  on  Other  Program** 

Program  results  may  be  useful  in  developing  new 
concepts  of  operation  (i.e.  from  unprepared  runways,  etc.), 
the  definition  oi  new  missions  (not  requiring  prepared 
landing  fields),  and  the  further  comparison  of  the  SETOLS 
concept  with  more  conventional  systems.  As  the  Air  Force 
and  the  Canadians  look  past  the  medium  density  CC-115  air- 
craft to  higher  density  and  higher  performance  aircraft, 
the  ARPA  efforts  on  composite  design,  materials,  and  the 
dynamics  effort  completed  by  ARPA  will  be  directly  appli- 
cable . 

3 . impact  on  the  Sta to-of -the-Ar t 

Specific  advancements  in  the  st a te-ot -t he-art  that 
did  occur  included: 

• Design  techniques  and  material  labrication 
procedures  developed  through  preliminary  design  lor  a 
retractable  air-cushion  landing  gear  system; 

• The  dynamics  oi  a SETOLS-equipped  aircraft 
during  high  speed,  high-sink-rate  landing  operations 
characteristic  of  naval  aircraft  determined  and  demonstrated 
experimentally  in  dynamically  scaled  tests; 

• Flight-rated,  auxiliary  power  systems  to  supply 
cushion  air  flow  defined; 

• Parameters  of  trunk  flutter  determined 


33 


experimentally  and  trunk  flutter  minimized; 

• Operation  of  high  performance,  high  density  air- 
craft on  soft  unprepared  runway  over  an  obstacle  of  moderate 
size  ; 

• The  ability  of  a SETOLS  cushion  to  withstand 
repeated  impacts  with  carrier  arresting  gear  demonstrated 
in  dynamically  scaled  tests; 

• The  ARPA  program,  taking  essentially  the  same 
cushion  pressures  used  in  the  Air  Force  and  Canadian  CC-115 
cushion  system  and  with  conventional  materials,  showed 
they  could  be  applied  to  much  higher-density  and  higher- 
performance  aircraft. 

4 . Program  Transfer 

Other  than  the  interchange  of  SETOLS  program 
technology  already  mentioned,  there  are  no  present  Navy 
mission  requirements  for  the  results  of  the  program.  On 
the  other  hand,  should  a future  requirement  for  SETOLS 
effort  materialize,  much  of  the  SETOLS  program  output  can 
be  directly  carried  out  into  the  next  design  phase. 

5.  Future  Research 

The  Air  Force  and  Canadians  will  continue  the 
development  of  materials,  auxiliary  systems,  and  analysis 
of  the  dynamics  of  air-cushion  landing  s y ens  as  part  of 
their  CC-115  program.  The  following  are  areas  recommended 
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for  future  development  in  the  event  c future  ACLS  program 
is  initiated: 

A.  How  to  minimize  the  ingestion  of  water  and  debris 
during  takeoff  and  landing, 

B.  How  to  design  a jet  engine  to  withstand  ingesting 
water  and  debris. 

C.  How  to  augment  directional  stability  and  control 
during  lew  speed  operation  of  SETOLS  aircraft. 

D.  How  to  improve  SETOLS  aircraft  handling  on  the 
ground,  flight  deck  and  hangar  deck. 

E . How  to  optimize  energy  dissipation  during  landing - 
the-trade-of f between  fan  characteristics  and  trunk 
pressure  relief  valves. 

F.  How  to  increase  braking  of  SETOLS  aircraft. 

G.  Establish  effects  oi  dynamics  of  vehicle  motion  on 
flutter  dynamics  and  threshold. 

H.  Establish  the  effects  of  surface  roughness  of  both 
the  ground  and  cushion  trunk  design  on  flutter, 

I.  Test  three-dimensional  models  oi  trunks  and 
correlate  with  theory. 

J.  Determine  the  limits  oi  strength  characteristics  of 
cushion  systems,  consistent  with  de lamina t ion  and  flexibili- 
ty requirements  if  lngher  strength  fibers  or  metals  are 
used . 
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6 . Current  Organizational  Contacts  and  Identification 
Following  is  a brief  list  of  organizations  and 
specific  individuals'  names  where  inquiries  for  information 
or  assistance  regarding  SETOLS  or  ACLS  can  be  addressed. 

A.  Defense  Advanced  Research  Projects  Agency  (ARPA) ; 

Mr.  A.  J.  Tachmindji,  Deputy  Director  or  Dr.  F.  W.  Niedenfuhr 

B.  Naval  Ship  Research  and  Development  Center  (NSRDC 
Code  161);  Mr.  Elmer  Burgan 

C.  Naval  Air  Systems  Command  (NAVAIR  03P31):  Mr.  John 
C.  Vaughan 

D.  L'.  S.  Air  Force  Flight  Dynamics  Laboratory,  W-PAFB: 
Dr.  K.  Digges  or  Mr.  William  Lamar 

E.  The  Boeing  Company,  Seattle:  Mr.  Lloyd  Gardner 

F.  The  Bell  Aerospace  Company,  Buffalo:  Mr.  Colin 
Faulkner 

G.  Goodyear  Tire  and  Rubber  Company,  Aviation 
Division:  Mr.  L,  Peelman  or  Mr.  F.  M.  Milhoan 

H.  San  Diego  Aircraft  Engineering,  Inc.:  Mr.  George 

Lutz 

I.  Southwest  Research  Institute,  San  Antonio:  Mr.  R. 

L.  Bass  or  Mr.  J.  E.  Johnson 

J.  Lockheed  Missiles  and  Space  Company,  Ocean  Labora- 
tory, San  Diego:  Mr.  R.  G.  Wright 
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